was not developed until the mid-nineteenth century, nor have they seriously challenged Winslow's contention that no earlier medical author attempted to put the work of Kircher, Leeuwenhoek and Redi together in a single synthesis.
Winslow himself noted that Linnaeus presented in the Systema naturae six doubtful kinds of "living molecules" that included the "contagion of eruptive fevers", the "cause of paroxysmal fevers", the "moist virus of syphilis" and the "septic agent of fermentation and putrefaction", but he followed Clifford Dobell in dismissing these without further discussion as peripheral to Linnaeus's work.2 It would appear, however, that Linnaeus was in fact very interested in furthering speculations about living contagion and instigated the production of several theses on the subject which were published in his edition of student dissertations, the Amoenitates academicae, or "Academic pleasures".3 Of these, the most important is the 'Exanthemata viva', submitted by John Nyander in 1757, and republished in the Amoenitates in 1760. The thesis refers to both Kircher and Leeuwenhoek.4 Apparently, this dissertation was the only work published under Nyander's name. I have not been able to discover anything at all about the named author, although it is possible that research in Sweden might uncover additional information.
Earlier Evaluations of the 'Exanthemata viva'
The 'Exanthemata viva' and other Linnaean works bearing on the same subject are not entirely unknown to historians. Several English-speaking scholars in the first half of the twentieth century referred to the dissertations in the course of larger works on the development of science during this period, implying that they consulted Linnaeus.7 However, the work has been generally neglected by scholars for three reasons. First of all, it has been published only in Latin and Swedish. There is no need to discuss the barrier that a Latin text presents to many potential modem readers, and even to many of Linnaeus's contemporaries. Linnaeus's Latin, moreover, is often obscure and idiosyncratic. Although there is a contemporaneous English translation in manuscript among the Heberden papers at the College of Physicians in London, there is no evidence that any previous scholar has consulted it or has even known of its existence.8 Unfortunately, this manuscript translation was not accurate enough to publish as it stood, so Professor A J Cain has now provided in the second part of the present paper a completely new translation, thus overcoming the first difficulty for anglophone scholars. Second, the work of the members of Charles and Dorothea Singer's generation has fallen out of favour with scholars. Referring to later work carried out by the Singers on Frascatorius's theory of contagion, a scholar noted as recently as 1990 that "until the present ... no attempt was made to go beyond the Singers' data, nor were the consequences of their investigation followed up".9 This appears to be as true for their work on contagionism as it is for their study of Fracastorius. There is little modem interest in the early history of the theory of contagium vivum, or "living contagion" itself, and the approach used by the Singers and their followers in describing it has become unfashionable, being seen as naive, positivist, whiggish, or progressivist. 10 Instead, recent 5 Dobell, op. cit., note 2 above, p. 378, citing William Bulloch, 'History of bacteriology', in A system of bacteriology in relation to medicine, London, Medical Research Council, 1930, vol. 1. This chapter was later expanded and published as The history ofbacteriology, Oxford University Press, 1938, repr. New York, Dover Publications, 1979;  references to Linnaeus and Nyander are on p. 37. Charles Singer, The development of the doctrine of contagium vivum, 1500-750: a preliminary sketch, London, for the author, 1913, p. 14. This short and extremely rare work deserves republication.
6 Yngve Hedlund, 'Linnes avhandling Exanthemata Viva', Svenska Linndsallskapets Arsskrift, 1940, pp. 39-51. 7 See, e.g., Sten Lindroth, 'The two faces of Linnaeus', in Tore Frangsmyr, (ed.) 1757 ', appears in a small notebook that was among the "Heberden papers" presented by LeRoy
Crummer. It contains several translations of Linnaean theses, with other essays in a contemporary hand. William Heberden Sr. was a member of the PringleFothergill circle but no evidence ties him to this MS. I thank the RCP for permission to copy and refer to this MS and Ernest Heberden for advice on its provenance. 9 Vivian Nutton, 'The reception of Fracastoro's theory of contagion: the seed that fell among thorns? ', Osiris, 2nd Ser., 1990, 6: 196-234, n. 4, on p. 198. 10 A referee of this article described Winslow and Charles Singer as authors, "who in this context were concerned merely with awarding credits to precursors of the modern germ theory and debits to those who failed to see that such theories were 'right"', but see also Nutton, op. cit., note 9 above, on p. 198, n. 4, who finds their work "pioneering", and "remarkable for its day".
scholarship has stressed the significance of environmentalism in eighteenth-century medical theory and has turned away from any effort to study the development of the idea of contagium vivum within medicine during this period. Third, those scholars who named Linnaeus at all in this context did so only to dismiss his theories, arguing that his contribution to the understanding of disease was nugatory or perhaps even negative. Such criticisms centred on two issues: first, that the ideas were not original because theories of animate contagion have a long ancestry, possibly dating from classical times and more certainly championed by Fracastorius in the sixteenth century and Kircher, along with many others, in the seventeenth. Second, that Linnaeus's own formulation of these theories was confused, hesitant and inadequate. Charles Singer himself described the theses as a travesty of the careful work of earlier decades.'1 Dobell remarked that "Linnaeus and his pupils never understood Leeuwenhoek's 'little animals', and all their attempts at systematization merely created confusion". More recently, the Swedish historian Sten Lindroth commented that the idea itself was not new, since it was first propounded by Fracastorius, and the suggestion that the agent of disease was a mite was "scarcely a step forward, but rather a crude simplification".12
Linnaeus's Place in the Development of Ideas about Contagium Vivum Space does not permit a full discussion here of the work of Singer and his colleagues nor of the importance of the history of contagionism. In articles on British medicine published elsewhere, I have argued that contagionism became increasingly prevalent in the second half of the eighteenth century and that this had important effects on the shaping of eighteenth-century medical theory and practice, regardless of the "correctness" of the theory. Contagionism influenced both the development of particular forms of investigation and the way in which individual manifestations of illness were categorized.'3
When the Linnaean works were compared to the elegant and painstaking work of Leeuwenhoek, it is no wonder that parasitologists were unimpressed. Linnaeus was no microscopist, and his understanding of microbiology was indeed confused and inadequate. Because Linnaeus was the acknowledged master of the methods of classification, however, the fact that he was also involved in promoting a contagionist disease theory is of interest, regardless of the adequacy of his own delineation of the theory. Furthermore, the importance of this work to the history of medicine was greater than the comments of earlier scholars would suggest. This thesis did indeed articulate a "germ theory of disease" in a way that had not been developed by medical authors before the eighteenth century and that evidently impressed some contemporary readers. To argue this is also to argue that the history of the idea of contagium vivum has been misconceived and thus to claim that there are inadequacies in our current views on the historical development of the life sciences and medicine. 1 C Singer, op. cit., note 5 above, p. 14.
conceptualization of influenza in eighteenth-century 12 Dobell, op. cit., note 2 above, p. 378; Britain: specificity and contagion', Bull. Hist. Med., Lindroth, op. cit., note 7 above, p. 47. 1993, 67: 74-118, pp. 111-12; and idem, 'Influenza 13 Margaret DeLacy, 'Puerperal fever in research and the medical profession in eighteentheighteenth-century Britain', Bull. Hist. Med., 1989 , century Britain', Albion, 1993 idem. 'The It may be true that theories of contagium vivum were in the air, but they were rarely published in a definitive manner. Historians still debate the extent to which Fracastorius's work propounded such a theory. He undoubtedly believed in active contagious particles, but did not characterize them unambiguously as living entities. His treatment of them often suggests that he thought of them more as a chemical catalyst.14 Moreover, both Fracastorius and Kircher believed in spontaneous generation. Thus, not only the "vivum" but also the "contagium" is a problematic term in their formulations of contagium vivum. If animalcules could appear spontaneously, the substances that caused disease could be generated anew either in the sufferer's body or in the ambient world. Therefore, even if these substances were alive, it was always possible to explain new cases of disease without reference to caseto-case transmission. As Singer commented, "Neither the doctrine of a contagium vivum nor the allied doctrine of the specificity of infections could find a firm intellectual basis while the doctrine of spontaneous generation was in the ascendant".15
As long as physicians believed in spontaneous generation they did not need to specify whether the particles they had in mind were living: there was no absolute boundary between organic and inorganic. After the doctrine of spontaneous generation was challenged, physicians were forced to choose, and most chose to depict fermentation and putrefaction as chemical rather than vital processes.
For example, Richard Mead, the best-known contagionist author of the early eighteenth century described contagious matter as consisting of "a kind of Fermentation ... a volatile active Spirit"; language that to a modem reader might suggest a living substance, but a few pages later, Mead referred to this matter as "an active Substance, perhaps in the Nature of a Salt", making it clear that he viewed the activity as chemical rather than In any case, the 'Exanthemata viva' is one of the unlabelled theses and thus probably was a thesis pro exercitio for which Linnaeus was unquestionably responsible. Moreover, the thesis itself states that it was Linnaeus who suggested to Rolander that his dysentery might be due to identifiable animalcules and encouraged him to investigate. There are also several other theses in the Amoenitates that include references to a contagium animatum. For example, an earlier thesis by Michael A Baeckner on harmful insects, ascribed many cutaneous diseases to the Acari including "herpes", "serpigo", "elephantiasis", and tinea. Baeckner also suggested that dysentery, syphilis, measles, smallpox, typhus ["petechia"], plague, and other exanthematic and contagious diseases should be traced to Acari.31 A thesis "pro gradu doctoris" of 1765 on 'Lepra' attributed this skin disease, which may have been leprosy, to exanthematic animalcula, probably derived from a parasite of fish, the sea hair-worm. In language reminiscent of other theses, the author added that it could hardly be doubted that herpes, "serpigo", tinea, syphilis, measles, smallpox, and plague were due to subtle animalcula from the analogy of their eruptions, from their multiplication by heat and repulsion from cold, and from their susceptibility to treatments that expelled insects.32 Giving an example also used in the 'Exanthemata viva', the author noted that Dr Schreiber freed the Russians from the plague with mercury.33 Indeed, he continued, it would be difficult to explain how contagions spread except by living animalcula; sometimes phthisis, hemoptysis and peripneumonia could also be contagious, and might be due to similar causes.34 He referred in passing to the work of Baron Munchausen on spores.
Finally, a thesis of 1767 on "the invisible world", by J C Roos discussed the findings of biologists such as Reaumur, Leeuwenhoek and J T Needham on micro-organisms. It mentioned the theories of physicians concerning the origins of exanthematic and contagious fevers and again took up the same arguments: the comparable effects of heat and cold, scents and stenches, sweets and bitters, and mercurials on both disease and animalcula. It also again referred to the theory of Munchausen that the fungal spores that caused grain diseases were really the eggs of animalcula. However, its author noted that many investigators had examined the matter from smallpox, searching for living animalcula, but had not succeeded in finding anything. of exercise and the use of fat and lard, which were difficult to digest, for the prevalence of scurvy. The fevers were due to impeded perspiration, combined with cold, damp, foul air and inadequate clothing. These disorders were contagious and were cured by emetics. Dysenteries were due to a saline and putrid acrimony in the food, bad air, and want of exercise. Underlying these were impure air and homesickness ("nostalgia"). The theoretical frame of reference was clearly derived from the work of Boerhaave who had depicted disease in terms of a mechanical breakdown.37 This is common eighteenth-century fare, but it stands in contrast to the contemporary claim of 'Exanthemata viva' that these traditional theories of disease causation should be reconsidered. 'Exanthemata viva' attributes dysenteries to "an internal itch of the intestines" due to minute "acari" and criticizes the tendency of physicians to attribute "the general causes of all diseases" to a "corrupted mass of blood", or an "evil predominating in the air".38
Among the other diseases 'Exanthemata viva' specifically attributed to animalcular contagion is plague, but a thesis "pro gradu These variations suggest that more than one medical sensibility shaped the arguments in the theses. Given the chronology, it is unlikely that the divergence can be explained simply by assuming that Linnaeus changed his mind over the years, since there is no obvious shift from one theoretical framework to another. It is not that Linnaeus started with a theory of "clay" and moved through animism to miasmatism. Rather, we find him making the same assumptions at different stages in his development, while simultaneously putting forward different interpretations of the same diseases.
It is not unusual to find conflicting assumptions about disease causation in the work of a single eighteenth-century author, or even to find contradictory assumptions within a single work. It is also possible that the cause of the apparent contradictions was the confusion of Linnaeus's own taxonomy. It was in this very period that Linnaeus was attempting to construct an improved nosology: from about 1749 to 1759 he was using his own classification in his medical teaching before publishing it as a doctoral thesis entitled 'Genera morborum' in 1759.43 (It was republished in volume VI of the Amoenitates in 1763 and also separately by Linnaeus in the same year.) This was a revision of the classification system developed by Fran,ois Boissier de Sauvages. Linnaeus attempted to modify Sauvages' symptomatic system to include the causal role of various agents including contagion, but the ultimate effect was confusion. Moreover, it is likely that Linnaeus had only limited personal clinical experience of some of the epidemic diseases he was describing and it is evident that his use of terms was often very imprecise.
Whereas most mid-eighteenth-century authors saw a complete divide not only in symptoms but also in etiology between malaria, or "intermittent fever", and the other fevers, such as typhus or smallpox, it often is not clear that Linnaeus is making the same distinction. Thus, the "Upsala fever" seen by Bierchen in the North Sea expedition was probably typhus; the thesis uses other common synonyms for typhus such as "nervous" fever.44 On the other hand, the "Upsala fever" of Linnaeus's own doctoral dissertation was an intermittent fever associated with marshes and was probably primarily malaria. A few years later, the doctoral thesis 'Febris Upsaliensis' describes the disease as a "semi-tertian" that frequently changed its form with the season and became petechial and contagious. seems more likely that different hands and different sensibilities created some of the contradictions and variation of emphasis in the theses. Linnaeus's greatest interest and real reputation was in botany although the structure of science during that period had compelled him to become a physician and to supervise medical dissertations; it seems reasonable to assume that he permitted his students a freer hand in subjects that were peripheral to his own botanical works and allowed them to defend their own ideas or pursue their own interests. This is especially likely in cases where the students were drawing on their own medical experience, as in the case of Bierchen who actually served as the physician to the Swedish fleet during the North Sea expedition described in his thesis.46 Overall, although we may assume that Linnaeus approved the medical theses and took final responsibility for their arguments, it may be overstating the case to assume that he was the sole author and to discard the names of the student authors entirely, even though this was sometimes done by contemporaries and even by Linnaeus himself.
Linnaeus and Animalcular Contagion
Even if the authorship of the theses is uncertain, there can be no doubt about Linnaeus's own acceptance of the hypothesis of animalcular contagion. He never publicly defended the hypothesis in propria persona although there is one tantalizing reference to the subject in his oration on insects, which was delivered in 1739 and published in volume II of the Amoenitates.47 At the very end of his speech, he discusses the subject of harmful insects such as the cheese mite and the codling moth and then adds, but who can enumerate their multiplied tribes? the Supreme Disposer of all Things gives his command to those minute Animalcules the Sirones, and the whole man becomes one loathsome contagion: not to mention those ministers of disease and death who bring down upon us the plague, small pox, spotted fever, and other infectious and spreading disorders.
Our time is elapsed we must come to a conclusion.48
It seems evident from this abrupt ending that Linnaeus did accept the hypothesis, and was willing to hint as much, but was reluctant to commit himself to it personally in such a way as to require him to defend the idea. Linnaeus probably realized that a full airing of the hypothesis of contagium animatum would embroil him in a heated and probably endless medical controversy. He was already suspected of being not quite sound theologically,49 and an impassioned defence of a theory of living contagion would have led his colleagues to fear that he had, so to speak, "gone off the deep end". Such ideas were generally associated with a handful of visionary enthusiasts, many of whom were political or theological revolutionaries.
Linnaeus had enough to do in defending the central tenets of his botanical system against determined critics and had no reason to involve himself in defending speculations that would only diminish his own authority. So he encouraged his students to speculate on this subject, and published their views under his own name as "pleasures". Contemporaries accepted them in the way that they were intended to be understood: as the 
Conclusion
Eighteenth-century physicians were familiar with Leeuwenhoek's observations, but Leeuwenhoek never claimed that the organisms he saw were a cause of disease. In arguing that microscopic animalcules were the cause of epidemics, Linnaeus and his students were piecing together the work of several seventeenth-century scientists. However, they were poor microscopists and Linnaeus's depiction of the suspect organisms was hesitant and confused. We do not know what it was that Rolander saw through his lens, nor whether it was responsible for his illness. It is possible that he saw actual mites, ingested them, and found them in his excreta but that they were not responsible for his illness. It remaining as such thereafter in medicine. "Efflorescence" and "Eruption" were seventeenth-and eighteenth-century translations, "rash" was rather a newcomer in the early eighteenth century. It seems best to keep the word "exanthema" (with an Anglicized plural) as a technical term.
The thesis characterizes these exanthemas as alive because it propounds the new doctrine that all such are actually caused by living animalcules-in publicity-hungry circles today the title would be:
EXANTHEMAS ARE ALIVE! The Latin is in fact ambiguous, vivus being equally "vivid", "brilliant" or even "ardent", but "living" is justified by the contents of the thesis.
66 ex asse (as, a unit, coin). "Completely" (a legal term), "to the exact farthing". 71 The omission of the conjunctive particle "and" is deliberate, conforming to the classical figure of speech called asyndeton which was intended to make the movement of the sentence more rapid and vivid.
The outstanding example is Caesar's "veni, vidi, vici". There are several occasions later on in the thesis where it is used to some effect; using it here is an unintelligent application, and it becomes a stylistic affectation.
72 edges of our lips. A reminiscence of Cicero's De natura deorum, I, 8, 20; in other words, "which we shall not state dogmatically, but merely dip into". A typical over-used literary adornment; also, a typical saving clause in propounding a thesis, so that if the opposition proves too strong, the proponent can claim that he said all along that his idea was only a conjecture. Mere thesis rhetoric here-Linnaeus would not have tolerated serious opposition.
CONTAGIOUS diseases, for the most part, agree amongst themselves in that (1) they blossom out into EXANTHEMAS internal or external, just as the Madness73 shows itself by certain pustules beneath the tongue[s] of dogs; for in all contagious diseases the matter of the exanthemas is wont to be close at hand,74 which breaking out mitigates the fever.
Hoffin. Syst. IV. 122;75 (2) that FEVERS also excite restlessness of the body,76 either a minimum at a certain hour of the day, or they become worse towards the night; (3) that the violence of the disease is increased by SWEET, is expelled by BITTER, and is provoked by FATTY [SUBSTANCES] ; (4) that it is repulsed to some degree77 by COLD: and just as every living thing is revived by gentle warmth but is too much overthrown by heat; so by heat the Itch and the exanthema are intensified and, as the heat and fever increase, they are impelled to the lukewarm surface of the body; (5) That it may be an easy matter for very minute insects of that sort, perhaps MITES of diverse species, to be the causes of diverse contagious disease, we shall believe, from analogy and experience so far acquired, nor are their structure and magnitude in opposition; for they are the tiniest animalcules which the human eye has been able to perceive so far.
[That] Lynceus80 Leuwenhoekius has observed, in such humours as the naked eye sees as wholly pure, thousands of insects which, taken together, hardly equal the hundredth part of a sand-grain. The 102 The Latin is slightly obscure in the last half of this sentence, perhaps intentionally if the proponent is only "touching the matter with the edges of the lips". The general sense, however, seems clear.
103 Staphisagria. A species of Delphinium, Anglicised as Stavesacre, with very poisonous seeds, which, however, have been used "as an insecticide and a cure for neuralgia and toothache" according to A Huxley and W Taylor, Flowers of Greece and the Aegean, London, Chatto & Windus, 1977, p. 79. John Ray, in his Historia plantarum (1686), p. 705, adds to these "it purges, however, with danger of strangulation, wherefore its use is discontinued". Aquilega (columbine) must be poisonous indeed, if worse that D. staphisagria.
104 The herb women presumably produce an adult's dose for the parents to administer to their children (otherwise they would see them and know they were children). The Latin is slightly obscure; I read juste for justo, but it may be that the herb women were ignorant of the correct size of dose for a child.
105 Here, thesis rhetoric becomes very obscure. Literally the sense is "or at least not carrying their halitus", but this may be either "not conveying their effluvia" as in the eighteenth-century translation, or "not bearing their breath" implying that the insects are in danger of suffocation and so compelled to move.
106 Hence, reading hinc for hanc. Perhaps not justified; it may be simply one more in the series of dependent clauses, but if so, the sense seems incomplete.
insects from having a residence in our body, since we cannot assert that we are exempt from larger ones: For we detect in the belly of one It appears that these animals have principally two methods of insinuating themselves into the body, when we consider diseases springing up in internal parts of the body, e.g., when the contagion infects first the neck and stomach, they descend, without doubt, by breathing in: but it seems certain, on considering diseases, appearing first on the surface of the body, that they intruded themselves by way of the inequality and pores of the skin.
It is equally right to allot a definite time to these animalcules and others of their kinds, at which they eat, make love, are multiplied, sleep and rest; Whence the periodical paroxysms of these diseases can be /104/ explained; add [also] , that the Ascarides, taking their food by gnawing, excite itching in the rectum at a certain hour of the day.
From the laws of nature it is established, that the smaller the animal, the more abundant is the progeny it bears, and since a single Bee, in a few weeks, can be increased to 20,000, it follows that these insects also, far smaller then they [Bees], will be increased in a most abundant proportion: and hence we may believe, that a mere single one or two of these insects will quickly produce so abundant a progeny, that it will blossom out and flood the whole body. We are taught also in this matter 
